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 In recent years, geological prospecting and geophysical works in Azerbaijan were carried out in considerable volume in 
order to study an oil and gas potential of Meso-Cenozoic deposits. Based on the results of these studies the criteria were 
developed as the basis for further research.  
It is known that the sedimentation basin mainly dipped in the Meso-Cenozoic time. As a result, the researchers have no 
doubt about the potential of these deposits in the central part of the studied area and at greater depths, but there have been 
no precise calculations yet. In order to solve this problem, we have studied the reservoir rocks properties of considered ages 
of Khudat, Yalama oil and gas bearing structures and Siyazan monocline formed in Gusar-Davachi superimposed mulde in 
various geological conditions and at different depths. For an easier analysis, all the actual data are given in tables showing 
the physical parameters of the different rock types, involved in geological structure of oil and gas bearing areas. In order to 
clarify the obtained results and the changes nature study of the considered physical properties the various petrophysical 
methods were applied. As a result the regularity in changing of rocks density, carbonate contents, porosity, permeability 
and the propagation velocity of ultrasonic waves in them were established. 
However, in tectonically complex structures of the Siyazan monocline the applied methods have not given expected results 
of studies because of their severe dislocation and outlet to the surface. Taking this into account the reservoir characteristics 
studies of rock samples of considered ages from fields being developed in the north-eastern slope of the south-east Greater 
Caucasus dipping were conducted. 
The main objective is to study the petrophysical parameters and reservoir rocks properties of the Cretaceous, Paleogene-
Miocene age in tectonically complex uplifts of Yalama, Khudat and Siyazan monocline placed at southeast Greater 
Caucasus dipping due to its petroleum potential.
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 В последние годы в Азербайджане в значительном объеме проводились геолого-поисковые и геофизические 
работы с целью изучения перспектив нефтегазоносности мезокайнозойских отложений. На основании результатов 
этих работ выработаны критерии, которые являются основой для проведения дальнейших исследований. 
Известно, что данный седиментационный бассейн в основном погружался в мезокайнозойское время. Вследствие 
этого исследователи не сомневаются в перспективности этих отложений в центральной части исследуемой 
территории и на больших глубинах, но точных расчетов пока нет. В целях решения данной проблемы нами были 
изучены коллекторские свойства пород рассматриваемых возрастов нефтегазоносных структур Ялама, Худат 
и Сиязанской моноклинали, сформировавшихся в Гусаро-Дивичинской наложенной мульде в различных 
геологических условиях и на разных глубинах. Для удобства анализа все фактические данные сведены в таблицы, 
отражающие физические параметры различных типов пород, принимающих участие в геологическом строении 
нефтегазоносных площадей. С целью уточнения полученных результатов и изучения характера изменения 
рассматриваемых физических свойств были применены различные петрофизические методы. В результате была 
установлена закономерность в изменении плотности пород, их карбонатности, пористости, проницаемости 
и скорости распространения в них ультразвуковых волн.  
Однако на тектонически сложных структурах Сиязанской моноклинали примененные методы исследований 
ожидаемых результатов не дали ввиду их сильной дислоцированности и выхода на дневную поверхность. С учетом 
этого были проведены исследования коллекторских характеристик образцов пород рассматриваемых возрастов 
с разрабатываемых месторождений северо-восточного склона юго-восточного погружения Большого Кавказа.  
Основной целью работы является изучение петрофизических параметров и коллекторских свойств пород мелового, 
палеоген-миоценового возраста в тектонически сложнопостроенных поднятиях Ялама, Худат и Сиязанской 
моноклинали юго-восточного погружения Большого Кавказа в связи с его нефтегазоносностью. 
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Introduction 

The South Caspian megadepression (SCMD), 
for the most part located in the territory of 
Azerbaijan, is one of the richest petroleum basins 
of the world. Hence the development of oil and gas 
industry has been and continues to be a major 
influence on the economics of Azerbaijan and a 
number of other concerned states.  

Due to the topical nature of study of the petroleum 
potential of deep-level deposits, an extensive 
geophysical and geological exploration was performed 
in Azerbaijan over the recent years. Based on the 
results of this work, the underlying criteria for further 
reserach were developed. Azerbaijan is known as the 
world’s first commercial producer of oil. However, 
despite the success in oil production development,  
no substantive oil and gas accumulation has been 
discovered to date in the Mesozoic and Paleogene 
deposits in the territory of the Republic.  
Meanwhile, the paleographic, paleotechtonic and 
paleogeodynamic formation conditions of these 
deposits are favorable and the scope of geological and 
geophysical research is impressive. Therefore, the 
study of petrophysical and reservoir properties of 
the above specified ages of deposits is highly 
relevant in the current circumstances [1–3]. 

In the Pre-Caspian-Gubinskii oil and gas 
bearing region (Fig. 1), the use of seismic methods 
for the study of deep-level formations structure 
provided more information on their reservoir 
properties. 

The Pre-Caspian-Gubinskii oil and gas bearing 
region is situated in the north-east of Azerbaijan, 
occupying a large portion of the Caspian Sea 
coastal part. Tectonically the region relates to the 
northern slope of the south-east meganticlinorium 
immersion of the Greater Caucasus, belonging to the 
Gusar-Shabran synclinorium.  

Petroleum potential  
and litho-petrophysical features of Siyazan  

monocline Meso-Cenozoic deposits 

The explored territory features oil and gas 
bearing Upper Cretaceous, Eocene, Oligocene-
Miocene (Maykop), Middle High Miocene and 
Pliocene deposits. Commercial quantities of oil and gas 
accumulate in Siyazan monocline fields. In Yalama, 
Khudat, Talabi,  Shurabad,  Begimdag,  Tekchai  and 
                                                            

 Apart from the sources cited in the references, Azerbaijan 
Institute of Geophysics library materials were used. 

 
Figure. 1. Tectonic map of Pre-Caspian-Gubinskii oil and gas 
bearing region (after А. Suleimanov): I – East anticline 
area: 1 – Hoshmenzil. II – West anticline area:  
1 – Ajinour. III – Yalama area (Paleozoic basement high): 
1 – North Yalama; 2 – East Yalama; 3 – South Yalama;  
4 – Shirvanovka. IV – Ziykhur Depression:  
1 – Imamgulukent; 2 – Khudat. V – Gusar-Hachmaz area 
(Paleozoic basement high): 1 – Hazri-Gusar; 2 – Zizik;  
3 – Guba; 4 – West Hachmaz; 5 – East Hachmaz;  
6 – Agzybirchala; 7 – Hachmaz (these uplifts might be 
present in Pliocene deposits). VI – Divichin Depression. 
VII – Telebi-Gaynarcha anticline area: 1 – Nugadi;  
2 – Telebi; 3 – West Gaynarcha; 4 – Gaynarcha;  
5 – Gyzylburun; 6 – Gyzylburun-deniz; 7 – Zorat-deniz. 
Deep-level fractures: Sa – Samur, Ma – Malkomud,  
Ge – Germiyan. Regional displacements: ŞmŞ – North  
           Shahdag, CŞ – South Shahdag, Bu – Budug 
 
other areas oil and gas accumulations are also found, 
even if scarce. All in all, seven oil and gas fields out 
of forty five local uplifts have been discovered and 
commissioned in the south-east stretch of the Greater 
Caucasus.These are Siyazan monocline, Changadar-
Zarat, Siyazan-Nardaran, Saadan, Amirhanly, Zagly 
and Zeyva; Agzybirchala and Zarat-deniz were 
identified as exploration targets. The latter will be 
developed using the method of deep-level 
exploratory drilling [4–6].  

The sedimentation structure part of interest has 
following lithological peculiarities.  

The Upper Cretaceous deposits are mostly light 
grey limestones, marls, dark grey and grey sandstones, 
clays, in some of the areas – flysch. Specific resistivity 
of these types of rock reaches 100 Ohm·m.  

Limestones are mainly fissured which is a sign of 
their secondary porosity. The proportion of 
limestones in the structure increases from the south-
east to north-west (toward the Zagly-Zeyva area).  
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Sandstones and limestones are mainly 
accumulated in the upper part of the structure, 
while in its middle part clays prevail. The 
penetrated thickness of Cretaceous deposits is 
1645 m. 

Sumgait suite (Paleocene) can be traced all over 
the territory of Siyazan monocline. In Chandeger-
Zarat area it transgressively overlaps the surface of 
the Cretaceous deposits. In Siyazan-Nardaran, 
Saadan, Amirhanly, Zagly-Zeyva areas, the 
overlapping lower part is presented by coeval 
deposits [7–9]. 

Koun suite (Eocene) is spread across the entire 
territory of Siyazan monocline, consisting of 
alternating sandy and calcareous clays, calcareous 
sandstones and fissured marls.  

Lower Maykop deposits (Oligocene) are visible 
at the exposure as a thin stripe alongside the entire 
monocline. Lithologically they are represented by 
partings of quar, clays and conglomerates [10].  

Upper Maykop (lower Miocene) mainly 
consists of clays and aleurolite with sand partings.  

Chokrak-Spirialis horizon (Middle Miocene) 
consists of alternating thin interbeds of aleurolites, 
sandstones, clays and occasional gravelite and sand 
streaks. 

Karagan horizon (Middle Miocene) in the upper 
part of the structure consists mainly of clays with 
occasional sandstone streaks with sandy and 
aleurolitic alternations. 

Sarmatian stage (Upper Miocene) comes out to 
the daylight surface of Siyazan monocline as a 
wide stripe and mainly consists of sandstone-
streaked aleurolites. In the lower part of the stage, 
clays with thickness up to 10 meters prevail.  

Pliocene is represented by productive strata 
deposits (Lower Pliocene) and Akchagyl stage. To 
a large extent, these deposits comprise alternating 
clays and sands with conglomerate and tight sand 
interlayers.  

Analysis of the rock samples established the 
density, grain size distribution, carbonate content, 
porosity, permeability, ultrasonic wave propagation 
velocity and magnetic susceptibility [11–14].  

Tectonically the Siyazan monocline belongs to 
the complex structure of Tengi-Beshbarmag 
anticlinorium north-east wing, stretching from the 
north-east slope of the Greater Caucasus south-east 
basin. From the south-west, the monocline is limited 
by Hizin synclinorium, from the north-east – by 
Gusar-Shabran-Divichin discordant basin. 

The geologically complex structure of Siyazan 
monocline can be categorized into several areas in 
terms of its oil and gas saturation, tectonic structure 
and geological properties. So, the uplands of the 
monocline feature Upper Cretaceous and Paleogene-
Miocene deposits, while the lowland mainly consists 
of Pliocene deposits. Reservoir properties of all 
deposits are rather thoroughly studied. The received 
data served to produce a table of lithological, 
reservoir and other properties of the rock, 
establishing a certain trend in the development of 
their reservoir properties horizontally and the 
stratigraphic depth of various types of rock 
participating in the geological structure of the 
distinguished areas (Table 1). 

Based on the Table 1, the main prospective 
targets of Siyazan monocline are Cretaceous and 
Paleocene-Miocene deposits. The shift in reservoir 
properties of the rock in deep and shallow wells 
shows that the porosity and permeability values in 
separate tectonic blocks, as well as other 
properties, have express distinguishing features. 
Reservoir properties tend to remain unchanged in 
the relatively deep parts of the structure. Meanwhile, 
in some of the areas, reservoir properties of the rock 
improve proportionally to the stratigraphic depth. 

The deepest occurrence of Sumgait suite 
deposits uncovered by wells in Zeyva area is at 
820–2415 m. Density of clay rock at this depth is 
1.90–1.95 g/cm3, porosity is 20–25 % 
(occasionally up to 30 %), ultrasonic waves 
propagation velocity is 1200–1300 m/s. Density of 
Maykop age aleurolites varies in the range between 
2.56 and 2.65 g/cm3, porosity is 15–30 %, and 
ultrasonic waves propagation velocity is 2000–
2500 m/s. Sandstones density is 2.07–2.55 g/cm3, 
porosity is 8.2–22.5 %. Ultrasonic wave 
propagation velocity in sandstones, similarly to the 
other types of rock, depends on their lithographic 
composition and varies within 950–4000 m/s.  

Paleogene age rocks detected in the monocline 
geological structure have following physical 
properties due to metamorphic changes: density – 
2.05–2.65 g/cm3, porosity – 8.5–30 %, ultrasonic 
wave propagation velocity – 2100–4000 m/s (see 
Table 1). 

Table 1 presents Siyazan monocline data detailed 
by areas to facilitate their comparative study. 

Thus, in order to study the Cretaceous and 
Paleocene-Miocene rock physical properties in 
Siyazan monocline depth- and area-wise, 
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T a b l e  1  

Lithological composition and reservoir properties variability in Meso-Cenozoic  
(Cretaceous, Paleocene-Cretaceous) deposits across Siyazan monocline areas 

Stratigraphy Lithology 
Interval, 

m 
Calcareous-

ness, % 
Porosity, %

Permeability, 
10–15m2  

Density σ, g/cm3 Wave 
propagation 

velocity V, m/s dry wet 

Zeyva field 

Maykop 
Sandy-

argillaceous 
aleurolite 

1190–
2355 

2.1–33.5 
13.66 (7) 

2.5–20.4 
8.9 (6) 

0.003 
2.50–2.54 
2.52 (8) 

2.53–2.60 
2.58 (8) 

1100–1800 
1500 (8) 

Sumgait 
(Paleocene) 

Sandy-
argillaceous 

aleurolite 
820–821 3.4 28.1 495.7 1.90 1.95 1300 

Paleocene 
Sandy 

aleurolite 
1590–
1883 

0.5–17.1 
5.94 (7) 

8.5–22.6 
15.0 (7) 

0.001–6.7 
0.96 (7) 

2.40–2.48 
2.42 (7) 

2.43–2.50 
2.45 (7) 

1700 (1) 

Paleocene 
Sandy 

aleurolite 
2064–
2065 

10.6 9.7 4.1 2.01 2.10 1100 (1) 

Sumgait 
(Paleocene) 

Sandy-
argillaceous 

aleurolite 

2412–
2415 

2.5 19.5 0.001 2.04 2.18 1450 

Sumgait 
(Paleocene) 

Sandy-
argillaceous 

aleurolite 

1632–
1952 

0.8–66.0 
20.9 (4) 

4.4–8.4 
6.2 (4) 

0.001 
1.80–1.87 
1.83 (7) 

1.83–1.90 
1.85 (7) 

0700–1200 (2) 

Aalenian 
Sandy 

aleurolite 
1900–
1903 

42.5–42.5 
42.5 (2) 

12.2–12.2 
12.2 (2) 

0.001 
2.48–2.50 
2.49 (2) 

2.51–2.58 
2.55 (2) 

1300 (1) 

Begimdag-Tekchai field 
Lower 

Cretaceous 
K1 

Medium 
grained 

aleurolite 

828–
2316 

1.7–28.4 
16.4 (19) 

3.0–8.0 
6.9 (6) 

0.001–0.663 
0.18 (5) 

2.58–2.68 
2.60 (15) 

2.60–2.68 
2.64 (15) 

3100–4200 
3800 (6) 

Valanginian 
2
1К

  Sandy clays 
2443–
3190 

7.2–64.0 
29.9 (7) 

1.1–2.7 
2.3 (4) 

 0.1 
2.31–2.40 
2.33 (5) 

2.36–2.43 
2.38 (5) 

1200–1800 
1600 (3) 

Tekchai field 
Aptian-

Barremian 
4,5
1К

 

Sandy-
aleurolite clays 

99.7–
511.2 

10.0–77.0 
29.0 (13) 

2.2–2.26 
2.22 (5) 

– 
2.20–2.52 
2.22 (12) 

Av. 2.30 
1220–4290 
1920 (12) 

Hauterivian 
3
1К

 
Sandy 

aleurolite 
1405–
1716 

6.7–68.1 
32.8 (45) 

2.3–12.3 
7.5 (45) 

0.001–10.2 
0.89 (34) 

2.31–2.61 
2.43 (20) 

Av. 2.52 
1700–3500 
2050 (20) 

Valanginian 
2
1К

 
Sandy 

aleurolite 
1757–
2349 

0.8–63.1 
34.6 (41) 

1.0–14.6 
5.12 (45) 

0.001–0.46 
0.1 (35) 

2.31–2.54 
2.50 (9) 

Av. 2.54 
1700–3700 

2900 (9) 

Yashma field 
Meotian 

112
1N  

Sandy-
aleurolite clays 

163–193 – 
22.4–28.3 
24.4 (3) 

0.001–0.4 
0.01 (8) 

1.91–2.08 
2.06 (4) 

1.96–2.14 
2.07 (4) 

1000–2220 
2900 (9) 

Sarmatian 
12

1N  
Sandy-

aleurolite clays 
193–883 – 

11.7–40.8 
26.8 (60) 

0.7–78.3 
32.0 (30) 

1.86–2.54 
2.08 (62) 

1.90–2.64 
2.18 (62) 

600–5000 
1500 (62) 

Lower 
Cretaceous 

К 

Sandy-
aleurolite clays 

900–
1697 

63.2–79.4 
73.2 (8) 

15.3–27.0 
25.2 (13) 

0.04–29.4 
22.4 (4) 

1.90–2.12 
2.06 (16) 

2.10–2.20 
2.14 (16) 

710–2000 
1850 (14) 

N o t e . In the fractions the numerators are extreme values, the denominators are average values of parameters, in brackets – the 
number of studied samples. 

 

comparative study of all parameters listed in Table 
1 was performed based on the samples collected 
from the monocline wells. 

For Zeyva field, no direct correlation between 
decrease of rock permeability and increase of 
stratigraphic depth had been observed; 
nevertheless, there is a general trend towards 
stabilization of their values within 0.001. 

Permeability and porosity values withstand 
correlation. There is a low significance trend in 
decrease of porosity with increase of stratigraphic 
depth. Carbonate content and permeability are not 
related either, obviously due to the low values of 
carbonate content. Absence of correlation between 
porosity, permeability and carbonate content, as 
well as trends in porosity and permeability change 
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depending on the stratigraphic depth could be 
caused by variability of clay fraction content in the 
examined types of rock. 

For Begimdag-Tekchai area, it was noted that 
for two of the Low Cretaceous stratigraphic 
intervals, carbonate content of rock increases along 
with stratigraphic depth, while porosity and 
permeability decrease in the same direction. 

As for Tekchai area, for three of the Low 
Cretaceous stratigraphic intervals, carbonate content 
of rock increases along with stratigraphic depth 
(adown); porosity generally increases in the same 
direction as well, while permeability drops down.  

For Yashma area, the parameters in question 
were studied adown in Meotian, Sarmatian and 
Lower Cretaceous ages. The analysis results 
suggested that carbonate content was discovered 
only in the Lower Cretaceous deposits. Porosity 
slightly increases adown, while permeability 
generally increases in the same direction by a factor 
of hundreds.  

As it is evident from the foregoing description 
of the examined parameters, no distinct regularity 
was established in terms of change in their values 
area-wise and depth-wise. However, according to 

Table 2, seismic-wave velocity apparently increases 
in calcareous rocks (limestones) in Yalama, Siyazan 
and Atachai-Gilgilchai areas.  

Besides, a direct correlation was established 
between density and ultrasonic waves propagation 
velocity that both increase in Cretaceous deposits 
in the northern (Yalama uplift) and southern 
(Tengialty-Beshbarmag anticlinorium) directions. 
Another finding was the significant variability of 
particle size and physical rock properties depth-
wise. 

The performed analysis helped to ascertain the 
lithological diversity of the major depositional 
sequences related to paleographic and paleotectonic 
conditions of their genesis. Yet another regularity was 
established between the porosity factor and 
permeability factor variability [15]. 

Ultrasonic wave propagation analysis showed 
that despite a certain variation in the Upper 
Cretaceous rock density within Siyazan monocline, 
the ultrasonic wave propagation velocity increases 
adown. Concurrently, the velocity variability in 
limestones and calcareous clays is very similar, i.e. 
significantly higher than in non-calcareous rocks 
(see Table 2).  

 

T a b l e  2  

Variability of density and ultrasonic wave propagation velocity in terrigenous-carbonate rock 

Area Lithology 
Density σ, g/cm3 Ultrasonic wave propagation velocity V, m/s

Variability limits Mean value  Variability limits Mean value  

Yalama 
Clay (mudstone) 2.40–2.48  2.43 2600–2900 2700 

Limestone 2.56–2.65 2.59 4300–5600 4600 

Siyazan 
Clay 2.20–2.44 2.40 2200–2900 2590 

Limestone 2.52–2.62 2.54 3300–3900 3700 
Clay 2.31–2.46 2.44 2400–2900 2800 

Atachai-Gilgilchai Limestone 2.44–2.65 2.60 3500–4700 4500 
 

In tectonically complex structures of Siyazan 
monocline, no expected result was obtained by 
means of various petrophysical methods of 
examination applied in the study of Cretaceous 
deposits. Since vertically the physical parameters 
variability is irregular, it appears that the rocks 
were formed in metamorphic paleographic 
conditions at the sedimentation stage [16–18].  

In order to establish the interconnection between 
the rock density variability and compressional 
seismic wave propagation velocity between the 
deep-level and overlying lithofacial complexes in 
Pre-Caspian-Gubinskii region, the data analysis was 
performed horizontally and vertically for 
Cretaceous calcareous clays. The results of the 

study are provided in Table 3. The data analysis 
based on Table 3 shows significant increase of 
density and compressional waves velocity values in 
Cretaceous deposits northward (Yalama uplift) and 
southward (Tengin-Beshbarmag anticlinorium) of 
Siyazan monocline [19]. 

Graphic analytic method was employed for 
examination of rock properties downward variation 
in some of the oil and gas bearing areas of Pre-
Caspian-Gubinskii region. As a result, analytical 
expressions for downward variation of rock 
physical parameters in Pre-Caspian-Gubinskii 
region were determined. The data is provided in 
Table 3 and Figure 2. Table 3 reflects the 
downward  variation  of  rock physical  parameters 
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T a b l e  3   
Analytical expressions for downward variation  

of rock physical parameters 

Age Lithology σ = f(H) V =  f(H) 
Aptian +  

+ Hauterivian, 
Lower 

Cretaceous 

Calcareous 
clay rock 

2.85–0.42е–0.45Н 
2.91–0.68 е–0.45Н 

2.92–0.26 е–0.45Н 

4.62–3.4 е–0.45Н

 

5.4–2.6 е–0.45Н 

Valanginian, 
Lower 

Cretaceous 

Limestones 2.85–0.40 е–0.45Н 4.8–2.9 e–0.45H

Sandy clay 
rock 

2.72–0.42 е–0.45Н 

2.73–0.67 е–0.45Н 

2.72–0.51 е–0.45Н 

4.0–2.5 е–0.45Н

 

3.7–2.2 е–0.45Н 

 
Figure 2. Diagram of rock physical parameters  

downward variation in Pre-Caspian-Gubinsky region:  
1 – Aptian and Hauterivian rocks;  

2 – Valanginian limestones 

in heterochronous structures of Pre-Caspian-
Gubinskii region. Based on the analysis of the 
received data and generated curves, it is evident 
that despite negligible downward variability of 
Pre-Caspian-Gubinskii region Upper Cretaceous 
rock density, the compressional wave propagation 
velocity in these structures substantially increases 
in this direction. The regularity behind the 
downward variation of compressional wave 
propagation velocity in limestones and calcareous 
clay rock is virtually the same. It is notable that in 
the tectonically complex structures of Pre-Caspian-
Gubinskii region, the application of graphic 
analytic method for examination of Cretaceous 
deposits did not provide the expected result. The 
vertical variability of physical parameters in this 
area is irregular and step-like, probably due to the 
variability of sedimentation paleographic 
conditions and further processes of their 
lithological and tectonic transformation.  

The established dependencies can be applied 
for interpretation of geological and geophysical 
materials within the territory of research.  

Concerning lithological and petrophysical 
properties of Cretaceous, Paleogene-Miocene 

deposits in Yalama-Khudat areas 

Yalama and Khudat uplifts are developed in 
the south-east immersion of the Greater Caucasus. 
These structures are formed by Meso-Cenozoic 

deposits. Petroleum potential of these areas had 
been explored by means of seismic survey and 
prospective drilling. Oil and gas bearing Upper 
Cretaceous, Paleocene, Eocene, Oligocene-
Miocene (Maykop) and Middle High Miocene 
deposits were discovered. Out of these deposits, 
commercial grade oil and gas are produced in 
Siyazan monocline uplifts, Yalama, Khudat, 
Talabi, Shurabad, Begimdag-Tekchai and others 
with minor oil and gas accumulations.  

Discussing the structural and tectonic nature of 
the south-east immersion of the Greater Caucasus, 
one must note that along with the local uplifts of 
general Caucasus trend, certain anti-Caucasus 
structures are also developed. The basic structures 
of Pre-Caspian-Gubinskii oil and gas bearing 
region of Yalama-Khudat and Agzybirchalin uplift 
are separated from the Gusar structure and Talabi-
Gaynarcha anticlinorium area by a wide syncline 
(see Figure 1). In the two-part depression the 
thickness of deposits gradually increases from 
north-west to south-east from 1000 to 1500 m. The 
depression expands in the south-eastern direction 
and stretches into the Caspian Sea. Thickness of 
Paleocene deposits in Yalama-Khudat uplifts 
varies within 100 and 370 m. While Khudat area 
ends with a 200 m paleostructural hypsometric 
curve, Yalama area has no structural closure.  

High potential of Upper Cretaceous, Paleocene, 
Eocene, Oligocene, Oligocene-Miocene deposits in 
the central part of the examined territory and in the 
deep-level strata of these areas in general is 
unmistakable; nevertheless, there is no quantitative 
answer to this question so far. Within the examined 
territory, all Mesozoic deposits have been 
uncovered by drilling (2600–3700 m) [20].  

Petrophysical rock parameters for the 
considered ages of south-east immersion of the 
Greater Caucasus and their reservoir properties 
within the excavation fields and local uplifts under 
development have been identified in the course of 
our research.  

Importantly, the density, particle size 
distribution, carbonate content, ultrasonic wave 
propagation velocity, magnetic susceptibility, 
porosity, permeability of rocks collected from the 
deep-level exploratory wells drilled in Yalama and 
Khudat uplifts, were studied using the latest 
scientific methods [21].  

According to Table 4, carbonate content, 
reservoir properties, density and seismic wave 
propagation velocity in the areas under 
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consideration were studied from Lower 
Pliocene (productive strata) to Jurassic deposits 
inclusive.  

The productive strata deposits occur at a depth 
of 955–1235 m and are mostly represented by 
argillaceous sandstones with low carbonate content 
(11.6 %). At 20.2 % porosity, the permeability is 
1837 · 10–15 m2, density is 2.1–2.5 g/cm3. Average 
ultrasonic wave propagation speed in these 
deposits is 2800 m/s.  

Sarmatian deposits were uncovered at a depth 
interval within 1236–1460 m. They consist of 
alternating sandstones, mudstones and clays with 
carbonate content over 15 %, porosity up to 20 %, 
permeability over 25 · 10–15 m2 at rock density 
2.15–2.57 g/cm3. Ultrasonic wave propagation 
speed is 2000 m/s.  

Seismic wave propagation velocity decrease in 
Sarmatian deposits at almost identical density with 
productive strata deposits may be caused by high 
clay content of the sequence.  

Karagan stage deposits occur at a depth of 
1462–1864 m and are composed of clays with 
carbonate content over 14 %, porosity over 20 % at 
permeability 730.5 · 10–15 m2 and density 2.11–
2.67 g/cm3. Ultrasonic wave propagation velocity 
is 1900 m/s. In this case, the ultrasonic wave 
velocity decrease is probably caused by low 
cementation of sandstones.  

In the examined area, Chokrak horizon is 
uncovered at a depth within 1870–2080 m and 
consists of clays with density 2.08–2.68 g/cm3, 
carbonate content 38 % at porosity over 21.7 % 
and permeability 9.2 · 10–15 m2. Ultrasonic wave 
propagation velocity is 1750 m/s. The data 
suggests that the most distinct regularity in the 
Chokrak horizon is inverse dependency between 
carbonate content of the sequence and ultrasonic 
wave propagation velocity. This is common for all 
the previous stratigraphic intervals, i.e. the 
increasing carbonate content contributes to the 
decrease of ultrasonic wave propagation velocity.  

 
T a b l e  4  

Variability of lithological composition and reservoir properties  
of Meso-Cenozoic deposits in Yalama-Khudat areas 

Stratigraphy 
Interval, 

m 
Lithology 

Carbonate 
content, % 

Porosity, % 
Permeability, 

10–15m2  
Density σ, g/cm3 Wave propagation 

velocity V, m/s wet dry 
Productive 

strata 
955–
1235 

Argillaceous 
sandstone 

7.0–20.0 
11.6 (7) 

7.05–30.0 
20.23 (8) 

0.32–177.3 
18.36 (7) 

1.94–2.63 
2.54 (8) 

1.90–2.36 
2.15 (8) 

2500–3000 
2800 (8) 

Sarmatian 
1236–
1460 

Sandstone, 
mudstone, clay 

9.0–20.0 
15.25 (13) 

6.15–30.1 
19.89 (9) 

0.69–98.8 
25.36 

2.48–2.67 
2.57 

1.78–2.29 
2.15 

1800–2200 
2000 

Karagan 
1462–
1864 

Sandstone 
4.0–27.0 

14 
3.9–29.0 

20.5 
4.2–4429 

730.5 
2.10–2.88 

2.67 
1.73–2.36 

2.11 
1550–2000 

1900 

Chokrak 
1870–
2080 

Clay 
5.9–45.2 

38.2 
10.0–33.0 

21.7 
9.2 

1.88–2.88 
2.68 

1.88–2.27 
2.08 

1500–1850 
1750 

Maykop 
2080–
2585 

Sandstone, clay 
8.4–98.5 

76.3 
1.0–26.0 

15.7 
Imp. 

2.56–2.77 
2.72 

1.98–2.54 
2.29 

2000–2800 
2500 

Maastrichtian 
2596–
2598 

Argillaceous 
limestone 

32.8 5.0 Imp. 2.72 2.63 4700 

Coniacian 
2610–
2633 

Argillaceous 
limestone 

49.2–78.0 
66.6 

3.2–6.8 
5.22 

 0.01 
2.59–2.73 

2.65 
2.57–2.67 

2.63 
3800–5300 

4700 

Turonian 
2633–
2735 

Marl, 
argillaceous 
limestone 

62.8–96.0 
84.36 

0.45–5.9 
4.16 

0.014–8.4 
1.45 

2.57–2.76 
2.67 

2.50–2.68 
2.60 

3950–5000 
4350 

Albian 
3061–
3074 

Sandstone 
17.0–32 

22.0 
5.23–8.84 

7.15 
Imp. 2.75 2.62 4500 

Aptian 
3074–
3229 

Argillaceous 
limestone, 
mudstone 

17.0–26.0 
23.7 

2.59–20.6 
14.6 

Imp. 2.63 2.48 3850 

Barremian 
3605–
3696 

Sandstone 
3.4–4.3 

3.85 
10.2–11.7 

10.95 
0.1–0.8 

0.45 
2.58–2.71 

2.62 
2.48–2.59 

2.50 
3000 

Jurassic 
3441–
3608 

Aleurolite, 
sandstone 

55.9 11.6 Imp. 
2.55–2.73 

2.62 
2.53–2.54 

2.53 
3400–3510 

3450 

N o t e . In the fractions the numerators are extreme values, the denominators are average values; Imp. – impervious; in brackets is the 
number of studied samples.  
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Maykop series in the studied region is uncovered 
within the depth interval of 2080–2585 m. Litholo-
gically it is composed of alternating clays and sand-
stones with carbonate content values reaching above 
76.3 %, at porosity 15.7 % and complete absence of per-
meability with relatively high density (2.29–2.72 g/cm3) 
and high ultrasonic waves velocity (2500 m/s).   

The correlation between Chokrak clays and 
Maykop argilio-arenaceous alternations seismic 
wave velocities, with the latter’s carbonate content 
twice higher than that of the former, suggests the 
existence of a meaningful dependence of the 
ultrasonic wave propagation velocity primarily on 
the lithological composition and density of the 
rocks. In Cenozoic sequence, this dependency is 
rather clearly manifest especially as the carbonate 
content raises.  

In the areas under consideration, the Mesozoic 
sequence starts from Maastrichtian stage 
discovered in the 2596–2598 m depth interval and 
expressed in argillaceous limestone with density 
2.63–2.72 g/cm3, carbonate content over 32.8 % at 
porosity 5.0 % and with no permeability. 
Ultrasonic wave propagation velocity drastically 
increases up to 4700 m/s. Obviously, limestone 
argillization and intense packing resulted in 
disappearance of permeability and ultrasonic wave 
propagation velocity increase.  

Coniacian stage occurs at a depth of 2610–
2633m and consists of argillaceous limestones 
with carbonate content over 66 % at porosity over 
5 % and permeability up to 0.01 · 10–15m2. Rock 
density is over 2.6 g/cm3, ultrasonic wave 
propagation velocity is 4700 m/s, same as in the 
previous case of this type of rock.  

Turonian deposits uncovered in the depth 
of 2633–2735 m consists of malmrock and 
argillaceous limestones with carbonate content 
over 84 %, porosity over 4 % and permeability 
1.45 · 10–15 m2. Rock density is 2.60–2.67 g/cm3, 
while the ultrasonic wave propagation velocity is 
somewhat lower than that of the Coniacian, 
amounting to 4350 m/s. It can be assumed that the 
decrease in the ultrasonic wave propagation 
velocity is related to porosity growth by a factor of 
several times in Turonian deposits.  

Albian stage within the area of research is 
uncovered at the depth of 3061–3074 m and is 
represented by sandstones with carbonate content 
22 %, porosity over 7 % and absence of permeability. 
Density of Albian sandstones is 2.62–2.75 g/cm3. 

Compressional wave velocity in these deposits 
increases up to 4500 m/s. Apparently the ultrasonic 
wave propagation velocity increase in Albian 
sandstones is caused by their relatively high density 
and low porosity.  

Aptian deposits are uncovered in the interval 
within 3074–3229 m and are composed of 
argillaceous limestones and mudstone with 
carbonate content over 23 % and no permeability. 
The rock density is 2.48–2.63 g/cm3.  

Ultrasonic wave propagation velocity in these 
rocks goes down to 3850 m/s, which is apparently 
related to the decreasing density and increasing 
porosity.  

Barremian stage expressed in sandstones is 
uncovered in the depth interval within  
3605–3696 m. Rock carbonate content is around  
4 % at porosity up to 11 %, permeability 
0.45 · 10–15 m2 and density 2.50–2.62 g/cm3. 
Ultrasonic wave propagation velocity is 3000 m/s. 
Its considerable decrease versus the velocity in 
Aptian deposits at nearly level density and 
negligible difference in other parameters may be 
related to the drop in the Barremian sandstones 
carbonate content.  

Jurassic deposits of the area of interest were 
uncovered at a depth of 3441–3608 m. 
Lithologically they mostly consist of aleurolites 
and sandstones with carbonate content over 56 %, 
which is way higher than the same parameter of 
the Barremian sandstones.  

Porosity of Jurassic deposits is by 0.65 % higher 
than that of the Barremian sandstones; they are 
impervious at density 2.53–2.62 g/cm3, i.e. level with 
the Barremian. However, the ultrasonic wave 
propagation velocity in Jurassic deposits is 450 m/s 
higher than in the Barremian sequence.  

Drawing on the foregoing data, one might conclude 
that in Cenozoic deposits the ultrasonic wave 
propagation velocity inversely correlates with rock 
porosity. This is less evident in Mesozoic deposits. 
A relatively low direct correlation exists between the 
values of carbonate content and ultrasonic wave 
propagation velocity. Overall, the ultrasonic wave 
propagation velocity gradually increases along with 
stratigraphic depth, despite slight fluctuations. There is 
a stronger direct correlation between the rock density 
and ultrasonic wave propagation velocity. 

Based on Table 4, a petrophysical model 
reflecting the reservoir rock properties in Yalama 
and Khudat areas was designed (Table 5). 
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T a b l e  5  
Rock porosity variation depending on their lithological and petrophysical properties 

Age 
Stratigra-

phy 
Interval, m Lithology Density, dry, g/cm3 Porosity, % 

Ultrasonic wave 
propagation velocity V, 

m/s 

Carbonate content, 
% 

C
en

oz
io

c 

  
Argillaceous 

sandstone 

  

Sarmatian 1236–1460 
Sandstone, 
mudstone, 

clay 
Karagan 1462–1864 Sandstone 

Chokrak 1870–2080 Clay 

Maykop 2080–2585 
Sandstone, 

clay 

M
es

oz
oi

c 

Maastrichti
an 

2596–2598 
Argillaceous 

limestone 

Coniacian 2610–2633 
Argillaceous 

limestone 

Turonian 2633–2735 
Malmrock, 
argillaceous 
limestone 

Albian 3061–3074 Sandstone 

Aptian 3074–3229 
Argillaceous 
limestone, 
mudstone 

Barremian 3605–3696 Sandstone 

Jurassic 3441–3608 
Aleurolite, 
sandstone 

 

Table 5 makes clear that reservoir properties of 
rocks exhibit certain downward changes, i.e. there 
is an inverse relation between increasing density 
and ultrasonic waves propagation velocity, on the 
one hand, and decreasing rock porosity, on the 
other hand. 

Probably this happens due to the increasing 
geostatic pressure. The comparison of the built 
curves suggests that in the Sarmatian-Chokrak 
sedimentation sequence stratigraphic interval its 
relatively low rock density, ultrasonic wave 
propagation velocity and carbonate content go 
hand in hand with higher porosity [22, 23]. 

In Maykop-Maastrichtian interval of the 
sequence consisting of sand-clay lithologies and 
limestones, the bottom surface of Maastrichtian 
bed exhibits the increase of density and ultrasonic 
wave propagation velocity along with minor 
decrease in carbonate content and significant 
decrease in porosity. 

The third interval of the sequence is contained 
between the Maastrichtian bottom surface and the 
Turonian and primarily consists of argillaceous 
limestones. Its characteristic feature is rock density 
increase and the highest ultrasonic wave propagation 
velocity throughout the entire sedimentation 

sequence at low carbonate content and minimal 
porosity. Based on the comparison of the curves, it is 
evident that low porosity is quite concordant with 
respective variations of other parameters. 

In the Albian interval represented by 
sandstones, a significant increase in the rock 
porosity is accompanied by fairly stable density 
and minor increase of ultrasonic wave propagation 
velocity. 

Finally, in Apt-Barrem-Jurassic interval of the 
sedimentation sequence, rock porosity decreases 
by a factor of two, while density remains nearly 
flat, ultrasonic waves propagation velocity 
fluctuates slightly, and carbonate content exhibits 
relatively rapid growth in the Jurassic deposits of 
the sequence.  

This can be explained by deterioration of their 
reservoir properties with increase of stratigraphic 
depth. Speaking about the downward variation of 
individual parameters, it is notable that despite e 
certain shift in the rock density, ultrasonic wave 
propagation velocity in these deposits grows 
swiftly up starting from Coniacian age. 
Meanwhile, in the limestones and calcareous clays 
the compressional wave velocity downward 
variability trend is virtually the same.  
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In order to confirm the results of the research 
within the studied areas, we employed the graphic 
analysis method developed by M. Ozerskaia. In the 
output, we received the analytical expression for 
variation of physical rock properties depending on 
the stratigraphic depth [24–26] and built their 
graphic model.  

Drawing on the aforementioned, there is a direct, 
i.e. immediate, correlation between porosity and the 
considered petrophysical rock properties throughout 
the entire examined stratigraphic interval of the 
sedimentation sequence in the area of study.  

Summary 

The conducted research resulted in the 
following findings:  

1. Wide-range horizontal variability of 
reservoir rock properties is mainly related to the 
lithogenesis conditions, lithological diversity of 
sedimentation structures, depth of the rocks 

occurrence, and individual developmental 
properties of local uplifts.  

2. The results of petrophysical research helped 
to detect the ultrasonic wave propagation velocity 
increase along with increase of the rock density 
and downward lessening of their reservoir 
properties.  

3. Seismic wave propagation velocity increases 
in limestones and, more rarely, in the deposits with 
high levels of carbonate content, as well as, 
slightly variably, with increase of the stratigraphic 
depth. 

4. In order to estimate the petroleum potential 
of the deep-level strata in the examined territory, 
it is advisable, along with exploratory geo-
physical methods, to draw on the results of 
reservoir rock properties variability analysis by 
petrophysical methods, as well as on the trends 
of depth-wise seismic wave propagation velocity 
variation. 
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